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Abstract 
Two sulfate-reducing bacteria (SRB) were isolated from a mixed culture enriched with benzoate obtained 
from gut homogenate of the soil-feeding higher termite, Cubitermes speciosus. The organisms were vibrioid 
rods, staining Gram-negative, which performed incomplete substrate oxidation. They differed in several 
features. The smaller one, strain STp, was motile with a single polar flagellum. This strain differed from 
Desulfovibrio desulfuricans only by its inability to oxidize malate and Pentanol. The bigger one, strain STg, 
differed from Desulfovibrio giganteus only by its nonmotility and a lower length. It is the first evidence of the 
presence of SRB in termite gut. 
Termites, owing to their large biomass and the 
diversity of their diet, are among the main ligno- 
cellulosic degraders in tropical areas (Lee & 
Woods 1971; Lepage 1974). It has by now been 
clearly established that their considerable digestive 
capacity (65 to 99% of their food intake consists of 
cellulose and hemicelluloses) (Ezenther & Kirk 
1974) is linked, in the case of the lower termites, to 
the presence of symbiotic microflora in their hind- 
gut (Hungate 1943). 
The exact activity of this microflora in higher 
termites (70% of species) caracterized by the ab- 
sence of cellulolytic symbiotic protozoa, has not yet 
been fully elucidated, specially for the soil-feeding 
termites which constitute a high proportion of he 
biomass in tropical soils (Lee & Woods 1971). 
These termites thrive on soil rich in polyaromatic 
compounds originating from lignin and tannin deg- 
radation (Sillam 1987). 
In Soil-feeding termites, enrichment on several 
aromatic compounds was performed in order to 
understand the relationship between their symbiot- 
ic microflora and termite digestive capacity (Brau- 
man et al. in preparation). 
We report in this paper on the isolation and 
characterization of two species of sulfate-reducing 
bacteria belonging to the genus Desulfovibrio. 
These bacteria were isolated from a benzoate en- 
richment obtained from a gut homogenate of a 
soil-feeding termite. In this enrichment culture, the 
sulfate reducers were not the only hydrogeno- 
trophic bacteria since methanogens belonging to 
the genera Methanobrevibacter, Metlzanosphaera 
and Methanogeniunz were also present (data not 
shown). 
Strains STp and STg were isolated on lactate 
medium, from a mixed bacterial culture enriched 
on benzoate (5mM) and inoculated with ground 
guts of the soil-feeding termite Cubitermes specio- 
sus, from the Mayombe tropical rainforest, Congo 
(central Africa). Initial enrichment cultures from 
gut homogenate on benzoate were transferred be- 
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Fig. 1. Phase contrast photomicrograph of strain STp. Bar is 
10 pm. 
fore SRB isolation, during two months in an anaer- 
obic bicarbonated pH 7.2 buffered sulfide-reduced 
medium containing benzoate (5 mM) and vitamins 
as sole organic substrate. The composition of this 
medium was described previously (Widdel & Pfen- 
nig 1984). 
Two strains were used for comparison: Desulfo- 
vibrio desulfuricans (strain essex) was obtained 
from the Laboratoire de Chimie Bactérienne 
(CNRS , Marseille); Desulfovibrio giganteus (DSM 
4123) was isolated in our laboratory. 
The basal medium contained in g/l: KH2PID4, 0.2; 
NH,Cl, 0.3; KC1,0.5; NaC1,l; CaC12.2H20, 0.15; 
MgC12.6H,0, 0.4.1 mV1 trace element solution 
(Imhoff-Stuckle &Pfennig 1983) and 1 mg/l resazu- 
rin were added. The medium was sterilized for 
40 min at 110" C. After autoclaving, the medium 
was immediately cooled under a continuous flow of 
N2-C02 (80-20%); then 30 ml/l of NaHCO, 0.5 M 
and 3 ml/l of Na2S 0.5 M were added from separate- 
ly sterilized anoxic solutions. 1 ml/l of vitamin solu- 
tion (Pfennig 1978) sterilized by filtration was also 
added. The medium was finally adjusted to pH 7.0- 
7.4 and distributed into Hungate tubes as described 
by Pfennig et al. (1981). Thle electron donnors and 
acceptors were added from separately sterilized 
anoxic solutions, as required, using disposable syr- 
inges. 
Pure cultures were obtained by repeated applica- 
tion of the shake dilution method in anaerobic 
Hungate tubes as described by Pfennig et al. 
Fig. 2. Phase contrast photomicrograph of strain STg. Bar is 
10pm. 
(1981). Purity was checked on a complex sulfate- 
free medium containing 0.25% glucose, 0.25% 
Biotrypcase (Biomérieux) and 0.25% yeast extract 
(Difco). 
Growth was quantified by measuring the optical 
density at 580 nm. H2S was determined spectropho- 
tometrically as colloidal CuS (Cord-Ruwisch 
1985). The presence of sulfate was revealed by 
addition of BaCl,.N&+ was determined by a po- 
tentiometric method using an Orion specific elec- 
trode, mod'el 95-18 (Orion Research inc., Cam- 
bridge, Ma, USA). Disappearance and formation 
of metabolites were measured by HPLC (Cord- 
Ruwisch et al. 1986). 
Whole cell DNA was extracted after disruption 
of the cells and purified using the Marmur method 
(1961) at the German Collection of Microorgan- 
isms (DSM), Braunschweig, FRG. The mole YO 
G +  C of the DNA was determined by buoyant 
density centrifugation in a CsCl, gradient. 
Strain STp consisted of small Gram-negative 
curvedrods, 0.5-1.0 by 1.0-3.0 pm, occuring either 
singly or in pairs (Fig. l) ,  motile with a single polar 
flagellum. Strain STg was a pleomorphic Gram- 
negative, nonmotile bacterium with both straight 
and curved rods, 1.0 by 2.0-6.Opm. These oc- 
curred either singly, in pairs or in short chains (Fig. 
In the medium described by Pfennig et al. (1981), 
the optimum temperature and pH for growth were 
30" C and 7.0 with strain STp and 37" C and 7.5 with 
2). 
strain STg, respectively. The optimum NaCl con- 
centration for growth were less than 1 g.1-I for STp 
and lOg.l-' for STg. 
The substrates tested as energy sources for strain 
STp are listed in Table 1. Growth occurred on 
lactate (20mM), pyruvate (20), fumarate (20), for- 
mate (20), choline (20), ethanol (20), propanol 
(20), butanol (10) and H2 (2 bars) + acetate (10); 
neither DL-malate (20) nor pentanol (10) were 
used. Pyruvate, fumarate and choline were fer- 
mented by this strain. 
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The substrates tested as energy sources for strain 
STg are listed in Table 1. This strain grew on lactate 
(20 mM), pyruvate (20), cysteine (20), glycerol 
(20), ethanol (20), propanol (20), isobutanol (lo), 
H2 (2 bars) + acetate (10). It was able to ferment 
pyruvate but not malate, fumarate and glycerol. It 
used formate (20), isopropanol (20), butanol (10) 
and pentanol (20) without growth. 
Sulfate (20 mM), sulfite (5) ,  thiosulfate (lo), ele- 
mental sulfur (lo), fumarate (20) and nitrate (5 )  
were used as electron acceptors by strain STp. The 
Table 1. Substrate utilization by strains STp and STg compared with that of D. desulfuricans and D. giganteus. Concentrations are 
expressed in (mM). 
Substrates strain STp D. desulfuricans strain STg D. giganteus 
Acetate (20) + sulfate - - - - 
Lactate (20) + sulfate + + + + 
Choline (20) + sulfate + + 
Choline (20) + + 
Pyruvate (20) + sulfate + + + + 




Fumarate (20) + sulfate 
Fumarate 
Formate (20) + sulfate 
Malate (20) + sulfate 
Malate 
Succinate (20) + sulfate 
Butyrate (10) + sulfate 
isoButyrate (20) + sulfate 
2-methylButyrate (20) + sulf. 
Stearate (2) + sulfate 
Palmitate (2) + sulfate 
Methanol (20) + sulfate 
Ethanol (20) + sulfate 
Propanol (20) + sulfate 
isoPropanol (20) + sulfate 
Butanol (10) + sulfate 
isoButanol (10) + sulfate 
Pentanol (10) + sulfate 






















Fructose (20) + sulfate - 
Fructose (20) - 
Glutamate (10) + sulfate - 
Alanine (10) + sulfate 
Cysteine (20) + sulfate 
- 
nd 
Benzoate (10) + sulfate - 





























+ - + - 
nd: not determined 
(+): degradation without growth 
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doubling times of this strain grown on lactate with 
sulfate, sulfite, fumarate or nitrate were 10.2,8.3, 
8.1 and 9.5 h, respectively. 
Strain STg used only sulfate, sulfite, thiosulfate 
and elemental sulfur as electron acceptors. Dou- 
bling times of strain STg grown on lactate with 
sulfate, sulfite or thiosulfate were 7.7, 6.5 and 
7.4 h, respectively. 
The mole Yo G + C content of DNA of strains 
STp (DSM 4369) and STg (DSM 4370) were re- 
spectively 55.2 and 56.0 (mean value of three deter- 
minations). 
Strains STp and STg consist of non-sporeforming 
curved rods, and reduce sulfate. The isolates in- 
completely oxidize pyruvate and lactate to ace- 
tate + COz. Neither acetate, propionate nor buty- 
rate are oxidized. Based on these characteristics, 
the isolates can be assigned to the genus Desulfo- 
vibrio (Pfennig et al. 1981) but they do not belong 
to the sapovorans group since saturated fatty acids 
were not oxidized. 
The morphological and physiological character- 
istics of strain STp are similar to those of D.de- 
sulfuricans (Widdel & Pfennig 1984); STp differs 
from this species only in that it does not oxidize 
malate and Pentanol. Both strains ferment pyru- 
vate, furnar,ate and choline. 
The morphological and physiological character- 
istics of strain STg can be related to the newly 
described species D. giganteus (Esnault et al. 
1988). STg differs only in that it is nonmotile and 
has a lower length. D. giganteus requires an upper 
NaCl concentration for optimum growth. Both 
strains ferment pyruvate and use formate, isopro- 
panol, butanol and pentanol without growth. 
Sulfate reducing bacteria (SRB) are known to be 
widespread in anoxic areas containing sulfates such 
as marine environments and salt marsh. They are 
also to be found in sulfate-free habitats, rich in 
organic substances such as animals and human fe- 
ces (Beerens & Romond 1977), plant wastes and 
rumen contents (Coleman 1960; Huising et al. 
1974). Here we described the first sulfate-reducing 
bacteria isolated from termite gut. Their exact role 
in the metabolism of the insect has not yet been 
determined, however. In such ecosystem they 
could act as hydrogen scavengers through interspe- 
cies hydrogen transfer with methanogens, during 
the degradation of highly reduced compound such 
as benzoate and relatives. In the absence of sulfate, 
strains STp and STg can also oxidize organic sub- 
strates as pyruvate, fumarate or choline. 
D. desulfuricans is a bacterium currently isolated 
from various biotopes through out the world and 
it's not surprising to found this organism in the gut 
of soil-feeding termites. On contrary D. giganteus 
is a newly described strain isolated from a brackish 
coastal lagoon, having an optimal salt requirement 
(2.5% NaCl) and growing up to 5%. Its presence in 
the gut of soil-feeding termites is unexplained. 
Acknowledgement 
We thank Dr H. Hippe, DSM Braunschweig 
(FRG) for the determinations of the DNA base 
ratio. 
References 
Beerens H & Romond H (1977) Sulfate-reducing anaerobic 
bacteria in human feces. Am. J. Clin. Nutr. 30: 1770-1776 
Coleman GS (1960) A sulfate-reducing bacterium from the 
sheep rumen. J. Gen. Microbiol. 22: 423-436 
Cord-Ruwisch R (1985) A quick method for the determination 
of dissolved and precipitated sulfides in culture of sulfate- 
reducing bacteria. J. Microbiol. Meth. 4: 33-36 
Cord-Ruwisch R, Ollivier B & Garcia JL (1986) Fructose degra- 
dation by Desulfovibrio sp. in pure culture and in coculture 
with Methanospirillum hungatei. Curr. Microbiol. 13: 285- 
289 
Esnault G, Caumette P & Garcia JL (1988) Characterization of 
Desulfovibrio giganteus sp. nov., a sulfate-reducing bacteri- 
um isolated from a brackish coastal lagoon. Syst. Appl. Mi- 
crobiol. 10: 147-151 
Ezenther GR & Kirk TK (1974) Catabolism of aspen sapwood 
in Reticulitermesflavipes. Ann. Entomol. Soc. Am. 67: 989- 
990 
Huising J, McNeil JJ &Matrone G (1974) Sulfate reduction by a 
Desulfovibrio species isolated from sheep rumen. Appl. Mi- 
crobiol. 28: 489-497 
Hungate RE (1943) Quantitative analysis on the cellulose fer- 
mentation by termite protozoa. Ann. Entomol. Soc. Am. 36: 
73c-739 
Imhoff-Stuckle D & Pfennig N (1983) Isolation and character- 
ization of a nicotinic acid-degrading sulfate-reducing bacteri- 
um, Desulfococcus niacini sp. nov. Arch. Microbiol. 136: 
194-198 
Lee !LE & Wood TG (1971) Termites and Soil. Academic Press, 
London 
Lepage M (1974) L'impact des populations récoltantes de Mac- 
rotermes michaelseni dans un écosystème semi-aride. II. La 
nourriture récoltée, comparaison avec les grands herbivores. 
Insectes Sociaux 28: 309-319 
Marmur J (1961) A procedure for the isolation of deoxyribonu- 
cleic acid from microorganisms. J. Mol. Biol. 3: 2317-2324 
nov., a ring-shaped, vitamin B12-requiring member of the 
'- 111 family Rhodospirillaceae. Int. J. Syst. Bacteriol. 28: 283-288 
U Pfennig N (1978) Rhodocyclus purpureus gen. nov. and sp. 
F 
275 
Pfennig N, Widdel F & Triiper HG (1981) The dissimilatory 
sulfate-reducing bacteria. In: Starr MP, Stolp H, Trüper HG, 
Balows A & Schlegel HG (Eds) The Prokaryotes, Vol 1 
(pp 926-940). Springer Verlag, Berlin, Heidelberg, New 
York 
Sillam E (1987) Biologie et rôle des termites dans les processus 
d'humification des sols forestiers tropicaux du Congo. Thèse 
d'état, Univ. Créteil 
Widdel F & Pfennig N (1984) Dissimilatory sulfate- or sulfur- 
reducing bacteria. In: Krieg NR & Holt JG (Eds) Bergey's 
Manual of Systematic Bacteriology, 9th edition, Vol 1 
(pp 666-671). Williams & Wilkins, Baltimore 
c 
